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DESCRIPTION 

COLD- INDUCED EXPRESSION VECTOR 

Technical Field 

The present invention relates to a vector used 
for genetic engineering and a method for expressing 
proteins using said vector. 



10 Background Art 

Techniques for production of useful proteins 
using genetic engineering are widely used nowadays. Among 
these, expression systems using Escherichia coli as a host 
are the most commonly used expression systems. Many 

15 proteins have been produced using recombinants. A so- 
called expression vector is generally constructed -and used 
for the production of useful proteins using recombinants. 
In the expression vector, a gene of interest is placed 
under the control of a promoter which is recognized by an 

20 RNA polymerase. Exemplary promoters used for expression 
vectors for Escherichia coli as a host are lac, trp, tac, 
gal and ara promoters. Expression vectors that utilize 
promoters other than those directly recognized by 
Escherichia coli RNA polymerase include the pET-system 

25 (Novagen) . The pET-system utilizes a promoter recognized 



2 



by an RNA polymerase from bacteriophage T7 which infects 
Escherichia coli (see J . Mol. Biol., 189:113-130 (1986); 
Gene, 56:125-135 (1987)). In case of the pET-system, T7 
RNA polymerase is expressed in Escherichia coli, a gene of 
5 interest placed downstream of T7 promoter in an expression 
vector is transcribed by T7 RNA polymerase, and the protein 
of interest is synthesized using the translation system of 
the host. 

However, if a protein of interest is expressed at 

10 a high level using one of many Escherichia coli expression 
systems including the pET-system, the protein of interest 
may form an insoluble complex called inclusion body in many 
cases. As a result, the amount of the protein of interest 
in its active form is greatly reduced. It has been 

15 reported for several polypeptides that active polypeptides 
were obtain by solubilization and refolding of inclusion 
bodies. The recovery rates are generally low in many cases. 
In addition, appropriate refolding conditions need to be 
• examined for each protein of interest. Thus, a system for 

20 directly expressing an active protein in Escherichia coli 
has been desired. 

It is considered that inclusion bodies are formed 
as a result of the following. An intermediate of a 
translated polypeptide chain prior to folding into its 

25 proper conformation is interwound with another polypeptide 
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chain due to intermolecular interaction to form a huge 
insoluble complex. In such a case, it is known that the 
expression level of a protein in its active form is 
increased by culturing recombinant Escherichia coli cells 
5 at a temperature lower than the conventional one 37 °C (20 
to 30 °C) . It is supposed that this is because the slow 
translation by ribosome provides a sufficient time for the 
intermediate to be folded into its proper structure, and 
the slow action of intracellular proteolytic enzyme under 

10 the low-temperature conditions increases the stability of 
expressed active protein. Thus, attention has been paid to 
a method in which recombinant Escherichia coli cells are 
cultured under low-temperature conditions as being useful 
for producing a protein that forms inclusion bodies. 

15 If a culture temperature for Escherichia coli 

cells during the logarithmic growth phase is lowered from 
37 °C to 10-20°C, growth of the Escherichia coli cells is 
temporarily arrested, during which expression of a group of 
proteins called cold shock proteins is induced. The 

20 proteins are classified based on the induction level into 
two groups: a group I (10-fold or more) and a group II 
(less than 10-fold) . Proteins in the group I include CspA, 
CspB, CspG and CsdA (see J. Bacteriol . , 178:4919-4925 
(1996); J. Bacteriol., 178:2994-2997 (1996)). Since the 

25 expression level of CspA (WO 90/09447) reaches 13% of the 
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total cellular protein 1.5 hours after temperature shift 
from 37 °C to 10 °C (see Proc. Natl. Acad. Sci. USA, 87:283- 
287 (1990)), attempts have been made to utilize the 
promoter for the cspA gene for production of a recombinant 
5 protein at a low temperature. 

Regarding a system for expressing a recombinant 
protein under low-temperature conditions using the cspA 
gene, the following effectiveness has been shown in 
addition to the above-mentioned highly efficient 
10 transcription initiation by the promoter for the gene at a 
low temperature. 

(1) If mRNA that is transcribed from the cspA 
gene and capable of being translated does not encode a 
functional CspA protein (specifically, if it encodes only a 

15 portion of the N-terminal sequence of the CspA protein) , 
such mRNA inhibits expression of other Escherichia coli 
proteins including cold shock proteins for a long period of 
time. During this period, the mRNA is preferentially 
translated (J. Bacteriol . , 17 8:4919-4925 (1996); WO 

20 98/27220) . This phenomenon is called LACE (low 

temperature-dependent antibiotic effect of truncated cspA 
expression) effect . 

(2) A sequence consisting of 15 nucleotides 
called a downstream box is located 12 nucleotides 

25 downstream of the initiation codon of the cspA gene. The 



translation efficiency under low- temperature conditions is 
made high due to this sequence. 

(3) A 5 1 -untranslated region consisting of 159 
nucleotides is located between the transcription initiation 
5 site and the initiation codon in the mRNA for the cspA gene. 
This region has a negative effect on the expression of CspA 
at 37 °C and a positive effect under low-temperature 
conditions . 

In particular, the phenomenon as- described in (1) 

10 above suggests the feasibility of specific expression of 
only a protein of interest utilizing the cspA gene. Thus, 
it is expected that the system can be applied to production 
of highly pure recombinant proteins or preparation of 
isotope-labeled proteins for structural analyses. 

15 It is known that it may be difficult to culture 

an Escherichia coli cell containing an expression vector to 
a level at which the cell can be subjected to induction, or 
even construction of an expression vector may be impossible 
if expression control of the promoter for the gene is 

20 incomplete and the gene product is harmful to the host (see, 
for example, United States Patent No. 5654169). 

Modification of the expression vector has been 
tried using the 5 1 -untranslated region of the cspA gene in 
order to solve the above-mentioned problems, to further 

25 increase the gene expression efficiency, and to readily 
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obtain the expressed product (WO 99/27117) . Modification 
by introducing an operator for making the expression 
control strict or by introducing a mutation into the 5'- 
untranslated region for increasing the gene expression 
5 level is disclosed therein . - 

Disclosure of Invention 

As described above, the protein expression system 

under low- temperature conditions is considered to be a very 
10 effective system, and further improvements of expression 

efficiency and the like are desired. 

The main object of the present invention is to 

construct a more excellent system for gene expression under 

low- temperature conditions, for example, by increasing gene 
15 expression efficiency of an expression vector utilizing a 

csp gene-. 

In order to achieve this object, the present 
inventors have assessed the effect of modification 
introduced into a nucleotide sequence of a 5 1 -untranslated 

20 region derived from a csp gene. As a result,, the present 
inventors have found that adjustment of a distance between 
stems formed in a portion corresponding to the 5 f - 
untranslated region of mRNA increases the expression level" 
of a protein encoded by the downstream sequence. 

25 Furthermore, the present inventors have constructed a 
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vector containing a DNA that encodes such a modified 5 1 - 
untranslated region. Thus, the present invention has been 
completed. 

The present invention is outlined as follows. 
5 The first aspect of the present invention relates to a 
vector having a portion encoding a 5 ? -untranslated region 
derived from an mRNA for a cold shock protein gene, wherein 
a mutation is introduced into the 5 ■ -untranslated region 
such that a distance between stem structures formed in said 
10 region is altered. 

According to the first aspect, the mutation 
introduced into the 5 1 -untranslated region is exemplified 
by insertion or deletion of a nucleotide. A vector in 
which the mutation is introduced into a region of the 
15 Escherichia coli cspA gene corresponding to nucleotide 593 
to nucleotide 598 in SEQ ID NO:l exemplifies a particularly 
preferable embodiment . 

In the vector according to the first aspect, the 
portion encoding a 5 1 -untranslated region may further have 
20 an operator. A 5 1 -untranslated region that has the 
nucleotide sequence of SEQ ID NO: 2, 3 or 4 is a 
particularly preferable example of the 5 1 -untranslated 
region in the vector. 

The vector of the first aspect may have a 
25 promoter located upstream of the portion encoding a 5 1 - 
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untranslated region. In addition, it may have a nucleotide 
sequence that is complementary to an anti-downstream box 
sequence in a ribosormal RNA of a host to be used, wherein 
said nucleotide sequence is located downstream of the 
5 portion encoding a 5 ' -untranslated region. 

For example, the vector of the first aspect may 
be a plasmid vector. 

The second aspect of the present invention 
relates to a method for expressing a protein of interest, 
10 the method comprising: 

(1) transforming a host with the vector of the 
first aspect into which a gene encoding a protein of 
interest has been incorporated to obtain a transf ormant; 

(2) culturing the transf ormant ; and 

15 (3) shifting the culture temperature down to one 

lower than a -conventional temperature to express the 
protein of interest. 

According to the second aspect, a promoter may be 
induced during or after step (3) . 

20 

Best Mode for Carrying out the Invention 

Hereinafter, the present invention will be 
described in detail. 

As used herein, "a region" refers to an area of a 
25 nucleic acid (DNA or RNA). As used herein, "a 5 f - 
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untranslated region of an mRNA" refers to a region that 
does not encode a protein, and is located on the 5' side of 
an mRNA synthesized as a result of transcription from a DNA. 
Hereinafter, the region may also be referred to as "a 5 ? - 
5 UTR ( 5 ' -Untranslated Region)". Unless otherwise noted, the 
5 T -UTR refers to the 5 1 -untranslated region of mRNA for the 
Escherichia coli cspA gene or a modification thereof. 

As used herein, "a cold shock protein gene" 
refers to a gene encoding a protein whose expression is 

10 induced upon lowering the growth temperature of an organism 
from its physiological temperature. 

A portion encoding a 5 1 -UTR of a cold shock 
protein mRNA used according to the present invention is a 
portion that encodes a region 5' to the initiation codon in 

15 the mRNA for the gene. Such a portion is 

characteristically found in an Escherichia coli cold shock 
protein gene (cspA, cspB, cspG, csdA or the like) (J. 
Bacteriol., 178:4919-4925 (1996); J. Bacterid., 178:2994- 
2997 (1996)). A portion of 100 nucleotides or more from 

20 the 5 1 end in the mRNA transcribed from such a gene is not 
translated into a protein. This portion is important for 
cold response of gene expression. If this 5 T -untranslated 
region is added to an mRNA for an arbitrary protein at its 
5' end, translation from the mRNA into a protein takes 

25 place under low-temperature conditions. 
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"A 5 1 -untranslated region of an mRNA" used 
according to the present invention is not limited to one 
derived from the above-mentioned specific gene. A 5 f - 
untranslated region that is derived from a cold shock 
5 protein gene and is capable of forming two or more stem 
structures can be used according to the present invention. 

Portions encoding 5 T -UTRs derived from the cold 
shock protein genes as listed above can be used for the 
vector of the present invention. In particular, one 

10 derived from the Escherichia coli cspA gene can be 
preferably used. The nucleotide sequence of the 

Escherichia coli cspA gene is registered and available to 
the public under accession no. M30139 from the GenBank gene 
database. The nucleotide sequence is shown in SEQ ID NO:l. 

15 Furthermore, a 5 ? -UTR in which the nucleotide sequence is 
partially modified can also be used according to the 
present invention. For example, one can use the 5 f -UTR- 
encoding portion from the cspA gene contained in a plasmid 
pMM047 or pMM048 as described in WO 99/27117. The 

20 nucleotide sequence of the 5 ' UTR-encoding portion from the 
Escherichia coli cspA gene contained in the plasmid pMM04 8 
is shown in SEQ ID NO: 5. This sequence is identical to the 
nucleotide sequence of the portion encoding the 5 f -UTR 
contained in the plasmid pCold08NC2 used in Examples in the 

25 present specification. 
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The present invention is characterized in that a 
mutation is introduced into a 5 1 -UTR-encoding portion such 
that the mutation adjusts a distance between stems which 
are secondary structures presumably formed in the 5'-UTR. 
5 For example, a distance between stems can be increased or 
decreased by inserting nucleotide (s) into a portion 
corresponding to a region between the stems or by deleting 
a part of nucleotides in such a portion. There is no 
specific limitation concerning the position at which a 

10 mutation is introduced, or the number of nucleotide ( s ) to 
be inserted or deleted in a mutation as long as the 
expression level of a downstream linked gene is elevated as 
a result of the mutation as compared with one without the 
mutation. It is needless to say that the mutation 

15 preferably does not interfere with the ability of the 5 f - 
UTR to achieve cold-specific gene expression. 

It is expected that the 5 f -UTR derived from the 
Escherichia coli cspA gene forms stem structures in a 
region from nucleotide 584 to nucleotide 593 and a region 

20 from nucleotide 598 to nucleotide 608 in the nucleotide 
sequence of SEQ ID NO:l. Thus, the distance between the 
stems can be adjusted by introducing insertion or deletion 
of nucleotide (s) into a portion between the above-mentioned 
regions (from nucleotide 593 to nucleotide 598) or a 

25 portion corresponding to said portion in a 5 f -UTR having an 
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introduced mutation. The present invention is not limited 
to the above-mentioned adjustment of distance between stems. 

The deletion mutations according to the present 
invention include deletion of one to all of nucleotides in 
5 a portion between stems. Insertion mutations are 

exemplified by insertion of 1 to 100 nucleotide ( s ) , 
preferably 3 to 60 nucleotides, more preferably 8 to 40 
nucleotides . 

Although it is not intended to limit the present 

10 invention, the 5 ' -UTRs contained in the plasmid vectors 
described in Examples, pCold08s2, pCold08sl2 and pCold08s32, 
exemplify preferred embodiments of the present invention. 
The nucleotide sequences of the 5 1 -UTRs contained in the 
plasmid vectors are shown in SEQ ID NOS:2, 3 and 4, 

15 respectively. 

The expression vector of the present invention 
can be prepared using a portion encoding a 5 1 -UTR which is 
prepared according to the present invention and in which a 
distance between stems is adjusted as described above. 

20 Specifically, it may be prepared as follows. Secondary 
structures formed by an mRNA encoded by a 5 1 -UTR-encoding 
DNA as a starting material are assumed. An insertion or 
deletion mutation is introduced into a portion presumably 
corresponding to a portion between stems using a known 

2 5 method. The thus obtained DNA is incorporated into a 
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vector along with an appropriate promoter. 

The vector of the present invention may be any 
one of commonly used vectors (e.g., plasmid, phage or virus 
vectors) as long as it can be used to achieve the object as 
5 a vector. It does not create inconvenience if the vector 
of the present invention may be integrated into a genomic 
DNA in a host after transferred into the host. 

The 5 ' -UTR is inserted between a promoter and a 
region encoding a protein of interest in the vector of the 

10 present invention. Examples of the promoters used 

according to the present invention include, but are not 
limited to, promoters derived from cold shock protein genes 
(e.g., cspA f cspB r cspG and cspA) which are expected to 
have high promoter activities at a low temperature. The 

15 promoter may be any one if it has an activity of initiating 
transcription into RNA in a host to be used. If 
Escherichia coli is to be used as a host, a promoter such 
as the lac, trp, tac, gal or ara promoter can be used. 

Regarding a region contained in addition to the 

2 0 above-mentioned elements, the vector of the present 
invention may have, for example, a replication origin, a 
drug-resistance gene used as a selectable marker, or a 
regulatory sequence such as an operator or a terminator. 

Operators that are present in expression- 

25 regulatory regions of various genes such as the lac 
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operator derived from the Escherichia coli lactose operon 
can be used according to the present invention. A promoter 
can be allowed to act by canceling the function of the Jac 
operator using an appropriate inducer such as lactose or an 
5 analog thereof (preferably, isopropyl-p-D-thiogalactoside 
(IPTG)). Such an operator sequence is usually placed 
downstream of a promoter and near a transcription 
initiation site . 

The vector of the present invention may further 

10 have a regulatory gene necessary for a function of an 
operator (e.g., the lacl* 7 gene for the lac operator). 

It is possible to increase expression efficiency 
by including, downstream of a 5 ' -untranslated region, a 
nucleotide sequence complementary to an anti-downstream box 

15 sequence in ribosomal RNA of a host to be used, in addition 
to the above-mentioned elements. For example, in case of 
Escherichia coli, an anti-downstream box sequence is 
present from position 1467 to position 1481 in 16S 
ribosomal RNA (The EMBO Journal, 15:665-674 (1996)). It is 

20 possible to use a region encoding an N-terminal peptide of 
a cold shock protein which contains a nucleotide sequence 
highly complementary to this sequence. It is effective to 
place a sequence complementary to an anti-downstream box 
sequence such that it starts from around the first to 

25 fifteenth nucleotide from the initiation codon. A gene 
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encoding a protein of interest can be incorporated into a 
vector such that the protein is expressed as a fusion 
protein With the N-terminal peptide. Alternatively, a base 
substitution may be introduced using a site directed 
5 mutagenesis method such that a gene encoding a protein of 
interest becomes complementary to an anti-downstream box 
sequence. If a gene encoding a protein of interest is 
incorporated into a vector such that the protein of 
interest is expressed as a fusion protein, the peptide may 
10 be of any length as long as the activity of the protein of 
interest is not abolished. The vector for expressing a 
fusion protein may be engineered, for example, at the joint 
site so that a protein of interest can be separated from 
the fusion protein using an appropriate protease. 
15 Alternatively, it may be engineered so that the fusion 
protein is expressed as a protein fused with a peptide that 
can be utilized for purification or detection. Examples of 
peptides that can be utilized for purification of expressed 
proteins include, but are not limited to, histidine tag 
20 (His-Tag) and glutathione-S-transf erase (GST) . 

For example, a protein of interest is expressed 
using the vector of the present - invention constructed as a 
plasmid as follows. A transformant for expressing the 
protein of interest can be obtained by cloning a gene 
25 encoding the protein into the plasmid vector of the present 



16 

invention and transforming an appropriate host with the 
plasmid. The transf ormant specifically expresses the 
protein of interest by lowering the culture temperature. 
If the vector has an operator, the function of the operator 
5 may be canceled using an appropriate means to induce a 
promoter . 

If the vector of the present invention is used 
for protein expression, a protein of interest is 
preferentially translated due to the above-mentioned LACE 

10 effect. As a result, the content of the protein of 
interest in a culture is high as compared with conventional 
expression of recombinant proteins and, therefore, it is 
possible to prepare the protein of interest with high 
purity. An isotope-labeled protein can be prepared by 

15 expressing a protein of interest in the presence of an 
appropriate isotope. The thus obtained highly pure labeled 
protein is suitable for structural analysis using NMR. For 
example, a culture or a lysate of a culture can be directly 
subj ected to NMR analysis . 

2 0 Examples 

The following Examples illustrate the present 
invention in more detail, but are not to be construed to 
limit the scope thereof. 

Among the procedures described herein, basic 

25 procedures including plasmid preparation and restriction 
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enzyme digestion were carried out according to the methods 
as described in T. Maniatis et al . (eds.), Molecular 
Cloning: A Laboratory Manual 2nd ed. (1989) Cold Spring 
Harbor Laboratory. Unless otherwise noted, Escherichia 
5 coli JM109 was used as a host for the plasmid construction 
as described below, and LB medium (1% Tryptone, 0.5% yeast 
extract, 0.5% NaCl, pH 7.0) containing 50 |jg/ml of 
ampicillin or LB agar medium prepared by adding agar at a 
concentration of 1.5% to the LB medium and solidifying the 
10 resulting mixture was used. 

Referential Example: Construction of plasmid 

pCold08NC2 

pCold08NC2 was constructed based on the 
description of WO 99/27117 using, as a starting material, a 

15 plasmid pMM047 harbored in Escherichia coli JM109/pMM047 
(FERM BP-6523) (deposited on October 31, 1997 (date of 
original deposit) at International Patent Organism 
Depositary, National Institute of Advanced Science and 
Technology, AIST Tsukuba Central 6, 1-1, Higashi 1-Chome, 

20 Tsukuba, Ibaraki 305-8566, Japan) . The plasmid pCold08NC2 
has the following in this order from upstream to 
downstream: the Jac promoter, a modified Escherichia coli 
cspA gene-derived 5 1 -UTR and a multiple cloning site. In 
addition, the plasmid has the lacl gene, a downstream box 

25 sequence that is completely complementary to an anti- 



downstream sequence in the Escherichia coli 16S ribosomal 
RNA, a histidine tag consisting of six histidine residues, 
and a nucleotide sequence encoding an amino acid sequence 
recognized by factor Xa. 
5 Example 1: Construction of vector pCold08s2 and 

examination of protein expression level 

(1) Construction of plasmid vector pCold08s2 
An insertion mutation of 20 nucleotides was 
introduced as follows into the 5 ? -UTR-encoding portion in 

10 the plasmid pCold08NC2 from Referential Example 1. 

A PCR was carried out using the plasmid 
pCold08NC2 as a template as well as a synthetic primer 
Sp20F (SEQ ID NO:6) and a primer CSPterR (SEQ ID NO:7). A 
reaction mixture containing 50 ng of pCold08NC2, 5 \il of Ex 

15 Taq buffer, 8 yl of dNTP mix, 5 pmol of the primer Sp20, 5 
pmol of the primer CSPterR, 0.5 ]il of Takara Ex Taq (Takara 
Bio) and sterile water to a total volume of 50 pi was 
subjected to a PCR (30 cycles of 94 °C for 1 minute 
(denaturation) , 55°C for 1 minute (primer annealing) and 

20 72 °C for 1 minute (synthesis reaction)). The whole PCR 
reaction mixture was subjected to electrophoresis on 
3% (w/v) low melting point agarose gel. An about 300-bp 
amplified DNA fragment was purified from the gel, suspended 
in 5 \il of sterile water and used as an amplified fragment 

25 SC. 
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A PCR was carried out under similar conditions 
using a synthetic primer Sp20R (SEQ ID NO: 8) and a primer 
NheF2 (SEQ ID NO: 9) as well as pCold08 as a template. The 
whole PCR reaction mixture was subjected to electrophoresis 
5 on 3% (w/v) low melting point agarose gel. An about 150-bp 
amplified DNA fragment was purified from the gel, suspended 
in 5 pi of sterile water and used as an amplified fragment 
SN. 

A mixture containing 1 \il each of the amplified 
10 fragments SC and SN, 5 \il of Ex Taq buffer, 5 \il dNTP mix 
and sterile water to a total volume of 50 \il was heated at 
94 °C for 10 minutes, cooled to 37 °C over 60 minutes and 
incubated at 37 °C for 15 minutes. 0.5 \il of Takara Ex Taq 
was added thereto, and the mixture was heated at 72 °C for 3 
15 minutes. 

5 pmol each of the primers NheF2 and CSPterR, 5 
]il of Ex Taq buffer, 5 pi of dNTP mix and sterile water to 
a total volume of 100 \il were added to the reaction mixture. 
The resulting reaction mixture was subjected to a PCR (30 

20 cycles of 94 °C for 1 minute, 55°C for 1 minute and 72 °C for 
2 minutes). The whole PCR reaction mixture was subjected 
to electrophoresis on 3% (w/v) low melting point agarose gel. 
An about 400-bp amplified DNA fragment was purified from 
the gel, suspended in 5 \il of sterile water and used as an 

25 amplified fragment Sp20-1. 
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Sp20-1 was doubly digested with restriction 
enzymes Nhel and EcoRI (both from Takara Bio) . The 
resulting DNA fragment was separated by electrophoresis on 
1% low melting point agarose gel, and then extracted and 
5 purified. The purified DNA fragment and pCold08 digested 
with Nhel and EcoRI were mixed and ligated together using 
DNA Ligation Kit (Takara Bio) . The ligation reaction 
mixture was used to transform Escherichia coli JTM109 and 
the transf ormants were grown on LB agar media containing 

10 ampicillin. Plasmids were prepared from the resulting 
colonies, and subjected to DNA sequencing. A plasmid into 
which the PCR product had been properly inserted was 
selected and designated as pCold08s2. In pCold08s2, a 
nucleotide sequence 5 1 -GAGCGGATAACAATTTCACA-3 1 (SEQ ID 

15 NO: 11) is inserted between +120 and +121 in the 5 1 -UTR of 
- pCold08NC2 (SEQ ID NO:5). The transcription initiation 
site in the lac operator is defined as +1. This position 
corresponds to the position between nucleotide 597 and 
nucleotide 598 of the nucleotide sequence of the cspA gene 

20 as shown in SEQ ID NO:l. The nucleotide sequence of the 
5 f -UTR contained in pCold08s2 is shown in SEQ ID NO: 2. 

(2) Construction of plasmids for expressing 

proteins 

(2)-l Construction of plasmid vector pCold08s2- 

25 GFP 
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A gene encoding a GFP protein derived from 
Aequorea victoria was incorporated into pCold082 as follows. 
A PCR was carried out using a plasmid pQBI63 (Takara Bio) 
as a template as well as a synthetic primer GFP-F (SEQ ID 
5 NO: 11) and a primer GFP-R (SEQ ID NO: 12). A reaction 
mixture containing 50 ng of pQBI63, 5 yl of Ex Taq buffer, 
8 jjl of dNTP mix, 5 pmol each of the primers GFP-F and GFP- 
R, 0.5 ]il of Takara Ex Taq (Takara Bio) and sterile water 
to a total volume of 50 \il was subjected to a PCR (30 

10 cycles of 94 °C for 1 minute, 55°C for 1 minute and 72 °C for 
1 minute) . The whole PCR reaction mixture was subjected to 
electrophoresis on 3% (w/v) low melting point agarose gel. 
An about 700-bp amplified DNA fragment containing the GFP 
gene was purified' from the gel and suspended in 5 ]il of 

15 sterile water. The DNA fragment was doubly digested with 
EcoRI and Xbal (Takara Bio) . The digested DNA fragment was 
separated by electrophoresis on 1% low melting point 
agarose gel, and then extracted and purified. The purified 
DNA fragment and pCold08s2 digested with EcoRI and Xbal 

20 were mixed and ligated together using DNA Ligation Kit 
(Takara Bio) . The ligation reaction mixture was used to 
transform Escherichia coli JM109 and the transf ormants were 
grown on LB agar media containing ampicillin. Plasmids 
were prepared from the resulting colonies, and subjected to 

25 DNA sequencing. A plasmid into which the PCR product had 



been properly inserted was selected and designated as 
pCold08s2-GFP. In addition, the amplified DNA fragment 
containing the GFP gene was incorporated into pCold08NC2, 
which does not have an inserted sequence in the 5 1 -UTR, in 
5 a similar manner to obtain pCold08-GFP. 

(2) -2 Construction of plasmid vector pCold08s2- 

H296 

A gene encoding the H296 fragment protein, which 
is a heparin-binding polypeptide derived from fibronectin, 

10 was incorporated into pCold082 as follows. 

A PCR was carried out using a plasmid pCH102 
(United States Patent No. 5198423) as a template as well as 
a synthetic primer H296-F (SEQ ID NO: 13) and a primer H296- 
R (SEQ ID NO: 14). A reaction mixture containing 50 ng of 

15 pCH102, 5 ul of Ex Taq buffer, 8 \il of dNTP mix, 5 pmol 
each of the primers H296-F and H296-R, 0.5 \il of Takara Ex 
Taq and sterile water to a total volume of 50 yl was 
subjected to a PCR (30 cycles of 94 °C for 1 minute, 55°C 
for 1 minute and 72 °C for 1 minute). The whole PCR 

20 reaction mixture was subjected to electrophoresis on 
3% (w/v) low melting point agarose gel. An about 1-kbp 
amplified DNA fragment was purified from the gel and 
suspended in 5 \il of sterile water. The DNA fragment was 
doubly digested with EcoRI and BamHI (Takara Bio) . The 

25 digested DNA fragment was separated by electrophoresis on 



23 



1% low melting point agarose gel, and then extracted and 
purified. The purified DNA fragment containing the H296 
gene and pCold08s2 digested with EcoRI and BamHI were mixed 
and ligated together using DNA Ligation Kit (Takara Bio) . 
5 The ligation reaction mixture was used to transform 
Escherichia coli JM109 and the transf ormants were grown on 
LB agar media containing ampicillin. Plasmids were 

prepared from the resulting colonies, and subjected to DNA 
sequencing. A plasmid into which the PCR product had been 

10 properly inserted was selected and designated as pCold08s2- 
H296. In addition, the amplified DNA fragment containing 
the H296 gene was incorporated into pCold08NC2, which does 
not have an inserted sequence in the 5 ' -UTR, in a similar 
manner to obtain pCold08-H296 . 

15 (2) -3 Construction of plasmid vector pCold08s2- 

lac 

A plasmid pKMOOS which contains the p- 
galactosidase (lacZ) gene (M. Inouye (ed.), Experimental 
Manipulation of Gene Expression, pp. 15-32, 1983, New York 

20 Academic Press) was digested with BamHI and Sail (Takara 
Bio) . The reaction mixture was subjected to 

electrophoresis on 1% (w/v) low melting point agarose gel. 
A DNA fragment containing the lacZ gene was purified from 
the gel and suspended in 5 p.1 of sterile water. The 

25 purified DNA fragment and pCold08s2 digested with BamHI and 



Sail were mixed and ligated together using DNA Ligation Kit 
(Takara Bio) . 10 \il of the ligation reaction mixture was 
used to transform Escherichia coli JM109, and the 
transf ormants were grown on LB agar media containing 
5 ampicillin. Plasmids were prepared from the resulting 
colonies, and subjected to DNA sequencing. A plasmid into 
which the PCR product had been properly inserted was 
selected and designated as pCold08s2-lac . In addition, the 
amplified DNA fragment containing the lacZ gene was 

10 incorporated into pCold08NC2, which does not have an 
inserted sequence in the 5 f -.UTR,. in a similar manner to 
obtain pCold08-lac. 

(3) Assessment of expression levels 

(3)-l Assessment of expression levels using 

15 pCold08s2-GFP and pCold08s2-H296 

Escherichia coli BL21 (Novagen) or CL83 (J. 
Bacterid., 180:90-95 (1998)) was transformed with 
pCold08s2-GFP (prepared in Example l-(2)-l) or pCold08s2- 
H296 (prepared in Example l-(2)-2), or pCold08-GFP or 

20 pCold08-H296 as a control. Each transformant was 

inoculated into 2.5 ml of LB medium containing 50 |jg/ml of 
ampicillin and cultured overnight at 37 °C with shaking. 
The culture was inoculated into 3 ml of the same medium at 
a concentration of 1% (v/v) and cultured at 37 °C with 

25 shaking. When the turbidity (OD600nm) reached 0.2, the 



25 



culture temperature was lowered to 15 °C, and incubation was 
continued at the temperature for 15 minutes. Then, IPTG 
was added thereto at a final concentration of 1 mM, and 
cultivation with shaking was continued for 24 hours while 
5 maintaining the culture temperature at 15 °C. After 
measuring the turbidity (OD600nm) , cells collected from 2 
ml of the culture by centrif ugation were suspended in 100 
\il of a cell suspension solution (50 mM tris-hydrochloride 
buffer (pH 7.5), 150 mM sodium chloride). The suspension 

10 corresponding to about 3.75 x 10 6 cells (calculated based 
on the turbidity) was subjected to electrophoresis on 10% 
SDS polyacrylamide gel. The gel was stained with Coomassie 
Brilliant Blue (CBB) and then decolorized. SDS 
polyacrylamide gel electrophoresis was carried out as 

15 described in "Seibutsukagaku Jikken No Tebiki 2" 
(Kagakudoj in) . The gel was subjected to image analysis 
using Total Lab ver.1.11 (Nonlinear Dynamics) to quantify 
the expression levels of GFP and H296. Ratios of the 
determined protein expression levels for recombinants 

20 harboring pCold08s2-GFP and pCold08s2-H296 to those for 
recombinants harboring pCold08-GFP and pCold08-H296, which 
do not have insertion in the 5 T -UTRs, are shown in Table 1. 
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Table 1 



Plasmid 


Host 


Expression rate* 


pCold08s2-GFP 


BL21 


1 . 5-fold 




CL83 


2.0-fold 


pCold08s2-H296 


BL21 


1.5-fold 




CL83 


1.5-fold 


*Expression rate: 


expression level 


for pCold08s2 clone/ 


expression level 


for pCold08 clone, 


calculated based on 



results of image analyses. 

Based on the results of SDS polyacryl amide gel 
analyses as shown in Table 1, expression levels for the 
5 clones prepared using the vector pCold08s2, which has 
insertion of 20 nucleotides in the 5 T -UTR, were higher than 
those for the clones prepared using pCold08NC2. 

(3) -2 Assessment of expression level using 
pCold08s2-lac 

10 Escherichia coli BL21 or CL83 was transformed 

with pCold08s2-lac (prepared in Example l-(2)-3), or 
pCold08-lac as a control. Each transformant was inoculated 
into 2.5 ml of LB medium containing 50 iag/ml of ampicillin 
and cultured overnight at 37 0 C with shaking. The culture 

15 was inoculated into 3 ml of the same medium at a 
concentration of 1% (v/v) and cultured at 37 °C with shaking. 
When the turbidity (OD600nm) reached 0.2, a sample was 
taken from the culture, the culture temperature was lowered 
to 15 °C, and incubation was continued at the temperature 

20 for 15 minutes. Then, IPTG was added thereto at a final 
concentration of 1 mM to induce the expression, and 
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cultivation was continued while maintaining the culture 
temperature at 15 °C. Samples taken from the culture at 
37 °C just before the induction and the culture 3 or 24 
hours after the induction were subjected to p-galactosidase 
5 activity measurements according to the method as described 
in J.H. Miller, Experiments in Molecular Genetics, pp. 352- 
355, 1972, Cold Spring Harbor Laboratory. The results are 
shown in Table 2. 

10 Table 2: p-Galactosidase activity (unit) 



Plasmid 


Host 


Before 


3 hours 


24 hours 






induction 


after 


after 








induction 


induction 


pCold08-lac 


BL21 


10110 


49510 


85550 




CL83 


6971 


28514 


31504 


pCold08s2-lac 


BL21 


9151 


66314 


119770 




CL83 


5172 


56028 


72459 



As shown in Table 2, the transformant harboring 
pCold08s2-lac, which has insertion of 20 nucleotides in the 
5 f -UTR, had a p-galactosidase activity higher than the 
15 transformant harboring pCold08-lac (1.4-fold (host: BL21) 
or 2.3-fold (host: CL83)) 24 hours after the induction. 

Example 2: Construction of vectors pCold08sl2 and 
pCold08s32 and examination of protein expression levels 
(1) Construction of plasmid vector pCold08sl2 
20 A plasmid pCold08sl2 was constructed as described 

in Example 1-(1) except that primers Spl2F (SEQ ID NO: 15) 



and Spl2R (SEQ ID NO: 16) were used in place of the primers 
Sp20F and CSPterR. In the plasmid pCold08sl2, an insertion 
mutation of 12 nucleotides is introduced in the 5 1 -UTR- 
encoding portion in the plasmid pCold08NC2 from Referential 
5 Example 1 . 

In pCold08sl2 / a nucleotide sequence 5'- 
ATGTTTTGTAGA-3 ? (SEQ ID NO: 17) is inserted between +120 and 
+ 121 of the 5 f -UTR in pCold08NC2 (SEQ ID NO: 5). The 
nucleotide sequence of the 5 T -UTR contained in pCold08sl2 
10 is shown in SEQ ID NO: 3. 

(2) Construction of plasmid vector pCold08s32 

A plasmid pCold08s32 was constructed as described 
in Example 1-(1) except that primers Sp32F (SEQ ID NO: 18) 
and Sp32R (SEQ ID NO: 19) were used in place of the primers 
15 Sp20F and Sp20R* In the plasmid pCold08s32, an insertion 
mutation of 32 nucleotides is introduced in the 5'-UTR- 
encoding portion in the plasmid pCold08NC2 from Referential 
Example 1 . 

In pCold08s32, a nucleotide sequence 5 f - 
20 AT G T T T T G TAG AT T T G AAAGAG T AGAT TAG T A- 3 1 (SEQ ID NO: 20) is 
inserted between +120 and +121 of the 5 T -UTR in pCold08NC2 
(SEQ ID NO:5). The nucleotide sequence of the 5 1 -UTR 
contained in pCold08s32 is shown in SEQ ID NO: 5. 

(3) Construction of plasmid vectors pCold08sl2- 
25 H296 and pCold08s32-H296 



An about 1-kbp DNA fragment containing the H296 
gene prepared as described in Example l-(2)-l was doubly 
digested with EcoRI and BamHI. The digested DNA fragment 
was separated by electrophoresis on 1% low melting point 
5 agarose gel, and then extracted and purified. The purified 
DNA fragment and pCold08sl2 or pCold08s32 digested with 
EcoRI and BamHI were mixed and ligated together using DNA 
Ligation Kit (Takara Bio) . The ligation reaction mixture 
was used to transform Escherichia coli JM109, and the 

10 transf ormants were grown on LB agar media containing 
ampicillin. Plasmids were prepared from the resulting 
colonies, and subjected to DNA sequencing. Plasmids into 
which the PCR product had been properly inserted were 
selected and designated as pCold08sl2-H296 and pCold08s32- 

15 H296. 

(4) Assessment of expression levels using 
pCold08sl2-H296 and pCold08s32-H296 

Escherichia coli BL21 or CL83 was transformed 
with pCold08sl2-H296 or pCold08s32-H296 prepared in (3) 

20 above, or pCold08-H296 as a control. Each transformant was 
inoculated into 2 . 5 ml of LB medium containing 50 yg/ml of 
ampicillin and cultured overnight at 37 °C with shaking. 
The culture was inoculated into 3 ml of the same medium at 
a concentration of l%(v/v) and cultured at 37 °C with 

25 shaking. When the turbidity (OD600nm) reached 0.2, the 
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culture temperature was lowered to 15 °C, and incubation was 
continued at the temperature for 15 minutes* Then, IPTG 
was added thereto at a final concentration of 1 mM, and 
cultivation with shaking was continued for 24 hours while 
5 maintaining the culture temperature at 15°C. The 
expression levels of H296 for the respective recombinants 
were quantified for the resulting cultures as described in 
Example l-(3)-l. Ratios of the determined protein 

expression levels for recombinants harboring pCold08sl2- 
10 H296 and pCold08s32-H296 to that for a recombinant 
harboring pCold08-H296, which does not have insertion in 
the 5 ? -UTR, are shown in Table 3. 



Table 3 



Plasmid 


Host 


Expression rate* 


pCold08sl2-H296 


BL21 


1 . 3-fold 




CL83 


1.5-fold 


pCold08s32-H296 


BL21 


1.4-fold 




CL83 


1 . 8-fold 


*Expression rate 


: expression level 


for pCold08sl2 or 


pColds32 clone/ 


expression level 


for pCold08 clone, 


calculated based 


on results of image 


analyses . 



15 

The results of SDS polyacrylamide gel analyses 
proved that the expression levels observed using the 
vectors having the 5 ? -UTR with inserted 12 or 32 
nucleotides were increased as compared with the expression 
20 level observed using the vector without the insertion. 
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Industrial Applicability 

The present invention provides an expression 
vector that results in high expression efficiency under 
low-temperature conditions. It is possible to specifically 
express a protein of interest to prepare a highly pure 
protein preparation using the vector. In addition, it is 
possible to efficiently obtain a protein retaining its 
activity by expressing the protein under low-temperature 
conditions utilizing the vector. 
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